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1 Introduction

To simulateresonance-mediategactions Monte-Carloprogramsuseearly the-
oreticalpredictionsby Rein & Sehgal[1] or resultsfrom electro-productiorex-
periments sinceexisting dataon neutrino-inducedesonanceroductionis inad-
equate.The theoreticaland experimentalpicture of the resonancendtransition
regionsis farmoreobscurdghanthe quasi-elasti@ndDIS regionswhich borderit.
Sincethe eventsamplef presenandproposedeutrinooscillationexperiments
fall insidethis poorly-understoodegime, resonanpion productionis animpor-
tantsourceof backgroundandsystematiaincertainty This kinematicregion will
be carefullyexaminedby MINERvVA.

Analysisof resonancgroductionin MINERvA[2] will focuson several ex-
perimentakhannelsincludinginclusive scatteringn theresonanceegion (W <
2 GeV) and exclusive chaged and neutral pion production. To date, analysis
efforts have focusedon MINERvA'’s performanceor inclusive resonancero-
duction,particularlynearthe A(1232) resonanceThis analysisindicatesthatthe
resolutionon W is about100 MeV in theregion of the A, andthe Q2 resolution
is betterthan20%. Despitethis resolutionsmearinganddistortionintroducedby
Fermimotion of boundnucleonsin carbon,the A peakis still clearly visible in
thereconstructedV distribution.
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2 Analysisof Existing Data

Inclusive electronandneutrinoscatteringwith W < 2 GeV exhibits the produc-
tion of resonancesAnalysisso far hasintroducedmary form factorswhich are
theneliminatedby severalassumptionsTheprominentresonanceare Ps3(1232),
S11(1535), P11(1440) and D13(1520). The P33(1232) hasthelargestcontribution
andshouldbe understood.In electroproductiorthereis a dominantcontribution
from the magneticdipole term. It givesan emphasigo one of the vectorform
factors,Cy’, with a Q?—dependencasteeperthanthe dipole. The contribution
of the dominantform factor C# is determinedby PCAC andalsohasa steeper
Q?—dependencé¢han the phenomenologicatlipole form. It is worth pursuing
this programto seeif thesetwo form factorsaresufficient. The corviction is now
that form factorssteepethanthe dipole reflectthe larger size of the resonance
statesvhich aredueto themesoniacloud surroundinghem. Thereis a simplified
modelthathasbeendevelopedby PaschosSakudaandYu[3], which accountdor
existing data. The experimentalresultscurrently available have large errorsand
thereareinconsistenciesentionedelow.

One of the inconsistenciesoncernshe Q?—dependenceTwo older exper
imentsat ANL[4] and BNL[5] have noticeda differencebetweenthe dataand
theoreticalpredictionsin the region of small@? (Q? < 0.2/ GeV?). It appears
that the sameproblemis revealedin newer experimentssuchas K2K[7] in the
sameregion of 2. The BNL experimentcanbefitted with the form factorsused
in [3] exceptfor Q? < 0.2GeV? wherethe datafalls fasterthanthe theoretical
curve (seeFig.1).
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Figurel: Thecrosssectiondo/dQ? from BNL comparedwith fits from PSY[3.
The full lines arefor the casem, = 0.105 GeV, the dashedines arefor the
approximationn, = 0.

The muon mass,which influencesthe resultsin this region of @2, was ne-
glectedin previous calculations.The effect of the muonmasscanbe seenfrom
the Fig.1: it reduceshe crosssectionat small Q? in accordancevith the exper
imentaltrends. Summarizingour results,we cometo the following conclusions.
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The older experimentsat BNL andANL on do/dQ@? shav a decreaseat low Q?
which is not understood.In addition, the dependencef the form factorson Q>
is steepemith the ANL data. Thus,new experimentsare neededo resole this
discrepang andto determinghetheoreticaparameters.

The understandin@f resonancg@roductionis alsoimportantfor understand-
ing thequasi-elastiprocessThepionfrom aresonanscatteringcanbeabsorbed
in thenucleusyesultingin anexperimentakignalthatis a significantbackground
to quasi-elastiscattering.

Otherissuegemainto beinvestigatedn resonanceroduction.ln the A—region
thereis an isospin-1/2amplitudeobsened in electroproduction.As the higher
resonancesannot contribute muchstrengthin theregion of A—dominancethis
amplitudeis a non-resonanbackground.Theimportanceof this backgroundn-
creasesvith Q% to becomethe dominanttermin deepinelasticscattering.

Nuclearcorrectionsplay a role in the absorptionof pionsandin chage ex-
changeeffects. The absorptionis includedasan overall factorand the chage-
exchangechangeshe chage of the particle. A “rule of thumb”is the following.
In alepton-nucleuseactionon alight nucleussuchas!¢O, the pionswhich have
thesamechage asthe exchangeaturrentarereducedy 30 — 40%, andfor pions
of differentchage thereis a slightincrease For instancejn the neutrinochage
currentreactionghen™ is reduced Half of thisreductionis dueto absorptiorand
theremaindercomesfrom changesxchangeof 7+ into 7% andn .

MINERvA canimprove the situationwith precisemeasurementsf do/dQ?,
do /dW andintegratedcrosssectiongo furtherrestricttheform factors.

3 Performanceof MINERVA

Analysis of resonanceproductionin MINER~A will focus on several experi-
mentalchannelsincluding inclusive scattering,(v, =) in the resonanceegion
(W < 2 GeV), neutral pion production, (v, u~7°) and chaged pion produc-
tion, (v, u~7*). This updateis focusedon understandinghe performanceof
MINERvA for inclusive resonanceroduction particularlynearthe A (1232) res-
onance.

Unlike inclusive chagedleptonscattering(i.e. (e, ¢’')), measurementsf neu-
trino inclusive scatteringvith wide-bandneutrinobbeamscannotoe madeby mea-
suringonly the outgoingleptonkinematics. To reconstructhe kinematicsof an
event(Q?, W andy), the neutrinoenegy mustbe calculated.Theis is doneby
estimatinghehadronenegy andaddingit to themuchmorepreciselyknown E,,.

E,, canbeestimatedy trackingandidentifying every particleemeging from
the scatteringvertex, or by summingup the dE/dz enegy depositedn the de-
tector by all the reactionproducts(otherthanthe muon). Trackingwill be an
importanttechniquefor analysisof resonanceroduction,asvertex event multi-
plicitieswill below (typically .+ 7+ N). However, calorimetricmeasuremeruf
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Figure2: The left graphshows on the vertical axis the the hadronicenegy E},
reconstructedrom scintillator outputin MINERvA vs. thetrue £, = E, — E,,.
Right figure shows the relative deviation of the fit, (AE,/E,)v/E} vs. thetrue
E,.

E;, will beessentiafor inclusveresonanceroductionin orderto minimizebiases
in efficiengy andbecaus®f the non-neligible probability for pionsto interactor

decayin the detectorbeforestopping.For interactinganddecayingparticles the

enegy notseenby active detectorelementsnustbe estimated.

In orderto studythe ability of MINERvA to measurer);, by calorimetry the
responsef the detectorwas studiedusingthe MINERvA simulationsoftware.
The NUANCE neutrinoeventgeneratomwasusedto generatea sampleof events
from scatteringon carbonandhydrogenwhich werethendistributedthroughout
the inner detectorof MINERvA. From the sampleof simulatedevents,events
whereall of the hadronicfragmentsnverecontainedvithin MINERvA wereused.
This tendsto biasthis analysisto eventswith lower E;, (or high multiplicity), but
thisis theregion of interestfor resonanc@roduction.

In apurescintillatorcalorimeteythetotallight outputof thedetectoishouldbe
essentiallyproportionalto E,. (Theproportionalityis notunity asnotall enegy is
reflectedn dF /dx becausef escapingieutrinosthebindingenegy in theinitial
and secondaryreactionsand other nucleareffects suchas pion absorption.) In
MINERvA, thereareregionsof thedetectomith iron or leadsandwichedbetween
scintillators.In theseregions,notall of thed E /dx enegy is corvertedto light, so
thelight yield in thesepartsof the detectormustbe scaledby a largerfactor

Figure2 shows thereconstructedr;, of eventsvs thetrue £}, computedrom
thekinematicsof theincomingandoutgoingleptons.Therelative deviation of the
reconstructe@negy from thetrue E;,, AE},/ E},, multiplied by /E}, is shovnin
figure2, giving aaverageresolutionfor reconstructiorf Ej, of 22x — __23%

Ep VEn(GeV)~




D 15 F D 116
ENTRIES 4313 [ ENTRIES 4313
26 I 3.00 [ 380 ] 396. 45 L 0.00 [ 105.
21.0 | 0.372E+04 | 52.0 r 0.00 | 0.417E+04 | 20.0
23.0 | 830 | 0.00 E 0.00 | 000 | 0.00

Covw b b b b b b Lo b L L A Y E S B IS B B AU S
0.8
0.8 1 12 14 16 18 2 22 24 26 28 0 05 1 15 2 25 3 35 4 45 5

Figure 3: Correlationbetweentrue and reconstructedV (left) and @? (right).
Horizontalaxes:true quantity verticalaxes:reconstructed.

This 1/+/FE}, resolutionhassomeenegy dependencandis bestrepresentety
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The kinematicsof the eventsare reconstructedvith the assumptiorthat the
muonis reconstructedvith aresolutionof dP/P = 9%. Figure3 shavsthecor
relationsof reconstructed? and@? with the true quantitiesusingreconstructed
E,,. Theseshav areasonableorrelationbetweerthetrueandreconstructedine-
matics. Theresolutionsof W and@? obtainedfrom thefit areshavn in figure4.
Theresolutionof W determinatioris about100MeV in theregion of the A and
the Q? resolutionis slightly lessthan0.2 Q2. Theeffectof this smearings shavn
in figure 5 wherethe A peakis still visible in the W yield spectrumwhenusing
thereconstructe#inematics It is importantto notethatthe A (1232) distribution
in W is alreadysomavhat smearedy Fermi motion, asmostof the scatterings
take placeon boundnucleonsn carbon.

4 Conclusion

Analysismethodsarebeingdevelopedo exploit thetrackingcapabilityof MINERVA
to refine the kinematicdeterminationof low mulitplicity resonantevents. This
will permit a more accuratedeterminationof W in the neighborhoodf the A
resonancend facilitate the the analysisof resonantevents. Future studiesof
MINERvA performancewill studythe ability of the detectorto malke exclusive
channeresonanceneasurements.
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Figure4: Resolutionof W (left: unitsof GeV)and@? (right: GeV?) CC events
fully containedwithin MINERvA. W resolutionis shovn bothfor all events(X

symbol)andeventswith Q? < 1 (GeV/c)? (plussymbol).
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Figure5: (Top) TrueW yield distributionfor eventswith Q? lessthan1 (GeV /c)2.

(Bottom) Yield distribution of reconstructedV for the same@? range.
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